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ORIGINAL ARTICLE
Four-country surveillance of intestinal intussusception and
diarrhoea in children
Shally Awasthi,1 Girdhar G Agarwal,2 Vikas Mishra,1 Vijay Laxmi Nag,3 Hesham Fathey El Sayed,4
Antonio Jose Ledo da Cunha,5 Alvaro Madeiro,6 Dipty Jain,7 William M Macharia,8 James Ndung’u,8
Saumya Awasthi1 and Ashish Wakhlu9
1Department of Paediatrics, King George Medical University, 2Department of Statistics, Lucknow University, 3Department of Microbiology, SGPGI, 9Department
of Paediatrics Surgery, King George’s Medical University, Lucknow, 7Department of Paediatrics, Government Medical College, Nagpur, India, 4Department of
Paediatrics, Suez Canal University, Ismailia, Egypt, 5Universidade Federal do Rio de Janeiro, 6International Clinical Epidemiology Network, Brazil, and 8University
of Nairobi, Kenya
Aim: Establishment of baseline epidemiology of intussusception in developing countries has become a necessity with the possibility of
reintroduction of rotavirus vaccine. The current study assessed the seasonal trend in cases admitted with intussusceptions and dehydrating
acute watery diarrhoea in children aged 2 months to 10 years.
Methods: In a prospective surveillance study, teaching and research hospital sites in India (Lucknow and Nagpur), Brazil (Fortazela), Egypt
(Ismailia) and Kenya (Nairobi) established a surveillance where a network of hospitals with surgical facilities catered to a reference population of
about 1–2 million for reporting of intussusception. One large hospital per site also recruited admitted cases of acute watery diarrhoea.
Results: From April 2004 to March 2006, 173 and 2346 cases of intussusception and diarrhoea, respectively, were recruited. Cases of
intussusception had no apparent seasonality. Most cases of intussusception (61.3%) (107/173) were in the 1 year age group, with males
comprising 68.8% (119/173) of all cases. Hospital mortality of intussusception was 4.2% (4/96). Cases of diarrhoea peaked in March, with 56.6%
(1328/2346) of admitted cases being males. Majority (83.1%) of cases of diarrhoea had received antibiotics, and the hospital mortality was 0.8%
(18/2280).
Conclusion: Intussusception in the four participating countries exhibited no seasonal trend. We found that it is feasible to establish a
surveillance network for intussusception in developing countries. Future efforts must deﬁne population base before the introduction of rotavirus
vaccine and continue for some years thereafter.
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Diarrhoea is a common cause of childhood morbidity and mor-
tality in developing countries.1–3 Rotavirus, particularly group A,
is a major cause of dehydrating gastroenteritis.4 It is estimated
that each year, rotavirus accounts for 140 million cases of gas-
troenteritis leading to 800 000 deaths in developing countries
and accounting for 20–70% of hospitalised cases of diarrhoea in
children between the ages of 6 months and 2 years.5,6 World-
wide, rotavirus accounts for an estimated two-fifths of all severe
diarrhoea cases and causes up to a third of the 1.9 million deaths
a year because of diarrhoea.7 Ninety per cent of these deaths
occur in the developing countries, where access to lifesaving
treatment is limited and where a vaccine would offer the best
hope for preventing countless deaths.7 Prior to introduction of
rotavirus vaccine, there is a need to establish epidemiology of
intussusception as the earlier rhesus reassortant tetravalent
vaccine was withdrawn in 1999 after reports of intussusception
after administration.8,9
Materials and Methods
The current study was carried out with the primary objective of
assessing the seasonal trend in cases admitted with intestinal
intussusceptions and dehydrating acute watery diarrhoea. The
secondary objectives were to assess (i) hospital mortality rates of
diarrhoea and intussusception; and (ii) the use of antibiotics and
Key Points
1 There is a need to establish a surveillance network for intussus-
ception in developing countries for a longer period before and
after introduction of rotavirus vaccine.
2 We found no inherent association between ‘seasonality of diar-
rhoea’ and ‘seasonality of intussusception’.
3 There are regional differences in incidence and age of presen-
tation of intussusception that may be due to genetic, ethnic,
infectious or environmental factors. Baseline information pro-
vided in this studymay play a role in the post-licensure rotavirus
vaccine surveillance for intussusception.
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antidiarrhoeals and duration of hospitalisation in cases admitted
with intussusception and acute watery diarrhoea.
This was a four-country and five-site prospective surveillance
study, conducted from April 2004 to March 2006, after institu-
tional ethical clearance from all the participating sites. The par-
ticipating sites were India (Lucknow: 26°51′N, 80°55′E, altitude
123 m and Nagpur: 21°9′N, 79°7′E, altitude 310 m), Brazil (For-
tazela: 3°46′S, 38°3′W, altitude 94 m), Egypt (Ismailia: 30°35′N,
32°16′E, altitude 13 m) and Kenya (Nairobi: 1°16′S, 36°48′E,
altitude 1500 m). We established a hospital surveillance net-
work (HSN) with hospitals having operating facilities for the
reporting of intestinal intussusception in a population of about
1–2 million in each city. Before inclusion of a hospital in the
HSN, an informed, written consent of hospital authorities as
well as physicians and surgeons was taken.
Also, in each city, an index hospital that was a part of large
teaching, training and research medical school/universities was
selected for recruiting cases of acute watery diarrhoea of <7 days
duration and admitted with severe dehydration requiring intra-
venous fluids. This included Government Medical College and
Hospital, Nagpur; King George’s Medical University, Lucknow;
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil;
Suez Canal University, Ismailia, Egypt; and University of
Nairobi, Kenya with paediatric bed strengths of 160, 100, 270,
40 and 250, respectively.
Project teams comprised paediatricians, paediatric and general
surgeons. Reports of cases admitted with intussusception in
children aged 2 months to 10 years were collected from all
hospitals of the HSN weekly. Similarly, all cases of diarrhoea,
aged 2 months–10 years, admitted to the index hospital, were
invited for participation. Written informed consent was
obtained from the parents or legal guardians of children prior to
recruitment in the study. Excluded were those whose parents
refused to participate in the study.
In the index hospital at every site, all hospital admissions
were screened within 48 h to identify cases of acute watery
diarrhoea. Diarrhoea was defined as the passage of three or
more abnormally loose or watery stools per 24 h or a change in
the number or consistency of stools.10 The severity of dehydra-
tion caused by diarrhoea was assessed by symptomatic clinical
examination as recommended by the World Health Organiza-
tion10 and was categorised as severe, some or no dehydration.
Cases of dysentery (diarrhoea with blood in the stool, with or
without mucus)10 and persistent diarrhoea (diarrhoeal duration
of 14 days or more)10 were excluded from the study. Inclusion
and exclusion criteria were the same across all five settings.
Written informed consent was obtained from the parents or
legal guardians of children suffering from diarrhoea prior to
recruitment in the study.
The demographic and socio-economic variables were mea-
sured and history was taken for dietary practices, clinical
symptoms with their duration, details of hospitalisation
including the use of antidiarrhoeals and antibiotics in cases of
diarrhoea and findings of clinical examination for the presence
of dehydration. In cases of intussusception, other clinical
examinations such as presence of intestinal tenderness,
supraumbilical lump, blood in rectal examination and results
of pertinent investigations, such as barium studies and ultra-
sound, were also noted.
Statistical Analysis
SPSS Version 11.0 (SPSS Inc., Chicago, IL, USA) was used in
statistical analysis. Univariate analysis was performed for base-
line variables. The characteristics of children with diarrhoea
and intussusception were compared using chi-square test for
categorical and Student’s t-test for continuous variables. All
statistical tests were two-tailed, and a P-value of <0.05 was
considered significant. Because Brazil is in the Southern Hemi-
sphere, for assessment of seasonal trends of diarrhoea and intus-
susception, data from the month of January for this site was
added to data from June of all other sites, and this was sequen-
tially followed for all other calendar months. We pooled data by
month for all sites for the entire duration of the study. We are
extremely limited in making direct comparisons in terms of raw
frequencies of diarrhoea and intussusception for the reason that
raw score scales are arbitrary and unique. We use standard
Z-scores as a common scale for making a fair comparison. A
standard z-score is obtained from a raw score by means of the
formula:
z
X X
S
=
− (1)
where X is the raw score for each month, X is the mean of raw
scores and S is the standard deviation of raw scores.
Results
A total of 173 cases of intussusception and 2346 cases of diar-
rhoea were recruited from five sites during the period from
April 2004 to March 2006. Among cases of intussusception, 119
(68.8%, 95% confidence interval: 61.9–75.7%) were males.
There were 101 (58.4%, 95% confidence interval: 51.0–65.7%)
cases of intussusception who also had diarrhoea. However, cases
of intussusception that had diarrhoea were not counted among
cases of diarrhoea alone. Among cases of intussusception,
barium enema was done in 27.7% (48/173) and ultrasound
abdomen in 15.0% (26/173), which confirmed the diagnosis,
while in the remaining diagnosis, cases of intussusception was
confirmed during surgery. Clinical signs associated with intus-
susception were abdominal tenderness (124/173, 71.7%),
supraumbilical lump (55/171, 32.2%) and blood in rectal
examination (72/173, 41.6%). The median duration of hospital
stay for intussusception was 6.0 days (inter-quartile: 6.0), while
the mean duration was 9.2 days (standard deviation (SD): 21.5),
and the hospital mortality rate was 4.2% (4/96).
Age and sex distribution of cases for intussusception and
diarrhoea are given in Tables 1 and 2, respectively. In Brazil,
93.7% (15/16) cases of intussusception were in infants as com-
pared with 61.3% (106/173) when data from all sites were
combined.
We also report the educational status of mothers as a surro-
gate for the socio-economic status across all the five sites in
Table 3.
Among cases of diarrhoea, the mean duration of symptoms
was 3.3 days (SD: 1.9), because most of the cases (80%) were
in the age group 2 months to 18 months. We have reported
median and inter-quartile range for duration of hospital stay in
Table 4. The median duration of hospital stay was 5.0 days
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(inter-quartile: 5.0 days), while the mean duration was 7.4 days
(SD: 10.8 days). Among cases of acute watery diarrhoea, the use
of antidiarrhoeals and antibiotics is given in Table 4. Hospital
mortality rate in cases of acute watery diarrhoea was 0.8%
(18/2280).
Seasonal variations for each month, based on standardised
z-scores of diarrhoea and intussusception occurrences, are
shown in Fig. 1. Acute watery diarrhoea had a peak incidence in
March (which corresponds to October in the actual calendar
month of Brazil), but intussusception has no apparent season-
ality. There is no intrinsic relationship between ‘seasonality of
diarrhoea’ and ‘seasonality of intussusception’.
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Fig. 1 Standardised z-score of intestinal intussusception and acute
watery diarrhoea cases by month.
Table 3 Association of mother’s education with diarrhoea and
intussusception
Level of maternal education Diarrhoea
(n = 2331)
Intussusception
(n = 111)
n, %
Uneducated 489, 21 20, 18
Literate, but no schooling 90, 3.9 6, 5.4
1–12 years of schooling 1545, 66.3 67, 60.4
>12 to <graduate level schooling 133, 5.7 8, 7.2
Graduation 55, 2.4 8, 7.2
Postgraduation 19, 0.8 2, 1.8
c2, P value 20.3, 0.001 14.1, 0.02
Table 1 Distribution of intussusception cases by age group and sex among ﬁve sites
Site Age groups (months) Sex
0–6 7–12 13–24 25+ Female Male
n, %
Brazil (n = 16) 9, 56.3 6, 37.5 0 1, 6.3 2, 12.5 14, 87.5
Egypt (n = 63) 20, 31.7 12, 19.0 12, 19.0 19, 30.2 22, 34.9 41, 65.1
Nagpur (n = 41) 10, 24.4 12, 29.3 7, 17.1 12, 29.3 14, 34.1 27, 65.9
Lucknow (n = 34) 13, 38.2 9, 26.5 4, 11.8 8, 23.5 8, 23.5 26, 76.5
Kenya (n = 19) 7, 36.8 8, 42.1 2, 10.5 2, 10.5 8, 42.1 11, 57.9
Overall (n = 173) 59, 34.1 47, 27.2 25, 14.5 42, 24.3 54, 31.2 119, 68.8
c2, P value 16.3, P = 0.2 5.2, P = 0.3
Table 2 Distribution of diarrhoea cases by age group and sex among ﬁve sites
Site Age groups (months) Sex
0–6 7–12 13–24 25+ Female Male
n, %
Brazil (n = 86) 22, 25.6 28, 32.6 25, 29.1 11, 12.8 37, 43.0 49, 57.0
Egypt (n = 361) 129, 35.7 124, 34.3 77, 21.3 31, 8.6 147, 40.7 214, 59.3
Nagpur (n = 209) 25, 12.0 36, 17.2 42, 20.1 106, 50.7 88, 42.1 121, 57.9
Lucknow (n = 266) 86, 32.3 73, 27.4 45, 16.9 62, 23.3 96, 36.1 170, 63.9
Kenya (n = 1424) 524, 36.8 532, 37.4 254, 17.8 114, 8.0 650, 45.6 774, 54.4
Overall (n = 2346) 786, 33.5 793, 33.8 443, 18.9 324, 13.8 1018, 43.4 1328, 56.6
c2, P value 334.2, P < 0.001 9.9, P = 0.04
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Discussion
In this four-country and five-site study, we found about 74 cases
of intussusception per 1000 admissions for acute watery diar-
rhoea. For intussusception, there was no apparent seasonality.
However, there was a single peak in cases of diarrhoea in the
month of March. In our study, we did not find any association
between seasonal variation in occurrence of diarrhoea and
intussusception.
As reported by others,11,12 intussusception occurred most fre-
quently in males and was most common below 1 year (61.3%)
of age . However, there was a wide site-to-site variation in the
age of children admitted with intussusception. We cannot
explain this variation, which may be related to the cause of
intussusception, which was not ascertained by us. Published
estimates of number of cases and incidence of intussusception in
infants also show a discrepancy, and as such, no trend can be
ascertained between developed and developing countries.13
Like our findings, no such seasonal association has been
reported from Australia11 and Venezuela.14 However, increased
rates of intussusceptions in summer and winter months have
been reported from India and African countries (South Africa
and Nigeria) in previous studies.15 Taking maternal educational
status as a surrogate marker of socio-economic status, we did
not find increased incidence of intussusception among the low
socio-economic status, unlike in previous reports.16 As reported
from Venezuela,14 majority of cases of intussusception were
corrected surgically in our study.
Cases of dehydrating diarrhoea peaked in March in our study.
Rotavirus, particularly group A, is a major cause of dehydrating
gastroenteritis.4 Rotavirus infection does not have a distinct
seasonality in countries of temperate region.17 In India, rotavi-
rus infection has been reported to occur all the year round with
a peak in winter months.18,19 However, in Vellore, southern
India, rotaviruses that were detected throughout the study
period had a second peak from June to August (southwest
monsoon season).19 In Brazil20 and Egypt,21 the highest inci-
dence of rotavirus diarrhoea were reported in winter months
like in the USA22 and unlike in Kenya, where rotavirus peak
incidences were observed in the January–March periods, which
are times of hot, dry weather, with low relative humidity.23
In the present study, maximum numbers of cases of diarrhoea
were from Kenya and minimum numbers were from Brazil.
This may be due to differences in the incidence of diarrhoea in
two sites as well as variations in health care seeking, which is a
complex personal and cultural behaviour. According to a United
Nations Children’s Fund report, in Africa and Asia, about half of
children with diarrhoea may end up at a health facility, whereas
in northeastern Brazil, where Fortazela is situated, only 14% of
children with diarrhoea are taken to a health facility.24
In the present study, we found that majority (83.1%) of
hospitalised cases of diarrhoea received at least one antibiotic,
with a wide variation in its use across the sites. Because anti-
biotics are not recommended for cases of acute watery
diarrhoea,10 we are highlighting irrational use of drugs from
participating sites. This is unlike much lower reported use of
antibiotics when zinc was coadministered to children with diar-
rhoea and no or some dehydration was treated at the outpatient
facility in all of the participating sites, except Kenya.25 This was
a unique, prospective surveillance of cases of intussusception
and diarrhoea in the four developing countries. Because the
population enumeration was not done and it was a passive
surveillance at just one hospital facility per site, we are not able
to report incidence rates for either diarrhoea or intussusception.
Reporting of intussusception is likely to be more accurate
because they were usually referred to paediatric surgeons, who
were part of the HSN established for the study. We are also not
able to report secular trends in the incidence rates of intussus-
ception as the study lasted for about one calendar year.
Intussusception in the four participating countries had no
seasonal trend. However, after the introduction of rotavirus
vaccine, post-marketing surveillance for intussusception has
been recommended.26 We found that it is feasible to establish a
surveillance network for intussusception in developing coun-
tries and future endeavours must define population and con-
tinue for a longer period before and after introduction of
rotavirus vaccine.
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